Abstract-Neutron-induced defects in silver doped lithium tetraborate (Li2B407:Ag) are identified and characterized using electron paramagnetic resonance (EPR) spectroscopy and thermoluminescence (TL). Neutron irradiation induced two unique defects detectable by EPR. Both of these neutron-induced defects are substantially more thermally stable than as-grown crystal defects. Models for the neutron-induced defects are proposed.
I. INTRODUCTION
The drive to detect small quantities of the neutron by products of fission motivates the exploration of boron and lithium containing compounds such as lithium tetraborate The as grown defects of LTB:Ag were characterized using EPR in concurrent study. [4] The as grown defect of interest in this study is a silver electron center that appears in EPR spectra centered at 338 mT. Silver has two common isotopes 10
WIt re atJve a un ances of 51.8% and 48.2% and slight differences in their magnetic moments that explain the relative peak intensities and assigned isotopes in The difference between our silver electron trap and those reported in the literature [5] - [7] is the hyperfine splitting, predicted to be 2109 MHz for the 109 Ag isotope. [8] The reduction in splitting is best described by considering that U.S. Government work not protected by U.S. copyrightsome of the unpaired spin density may also be distributed on the nearby oxygen ions. [4] This silver electron center is paired with a silver hole center, not shown. Both anneal out by 200°C and decay in parallel as shown in Fig. 2 . The thermo luminescent glow curve also shown in Fig. 2 corresponds to the electron-hole recombination of the as grown defect. Again, the slight upward shift in temperature is due to the heating difference between EPR pulsed anneal heating and TL heating rates. Silver has been shown to be a good dopant as a possible dosimeter.
Our research has shown that it has a unique characteristic to act as both an electron and hole trap. 
III. EXPERIMENTAL RESULTS
With neutron irradiation being the only variable in our experiment, results found in EPR and TL can be assigned due to neutron "knock on" damage or a byproduct of neutron irradiation. Neutron irradiation induced two new defects of interest, a single EPR peak centered at 337 mT and a pair of triplets centered at 340 mT shown in Fig. 4 . The as grown silver electron center is also shown in Fig. 4 but the peaks are much lower in intensity, the periodic structure in the noise region is the silver electron center. These new peaks will only be referred to as single and triplet peaks because a specific defect assignment can only be posited .
During isochronal pulsed annealing, the singlet and triplet increase in signal intensity from 125 -225°C, while the silver electron center decreases and becomes unobservable above 200 0c. The singlet and triplet signals are anisotropic. Once the sample was raised above 300°C, the two spectra were no longer observable. When annealed above 400 °C, the triplet spectra could no longer be produced, meaning the neutron induced defects were completely annealed out of the sample. Post neutron thermoluminescence glow curves, shown in The samples also changed in color at specific points, noted by the vertical lines in Fig. 5 . Prior to neutron irradiation the samples were clear. When exposed to x-rays the samples would tum green and would lose coloration above 175°C.
After neutron irradiation the samples took on a slight brown color but again turned green upon exposure to room temperature x-rays. When neutron irradiated samples were annealed above 150 DC, the sample changed from a green to an orange color. When irradiated samples were annealed above 300°C, the sample returned to colorless. Finally, when irradiated samples were annealed above 400 DC, the orange color could no longer be reproduced.
IV. CONCLUSIONS
Combining previous studies with our experiment, we can make several conclusions about neutron induced defects using EPR and thermoluminescence.
First, the neutron induced singlet and triplet defects were electron centers. Two points in our experiment lead us to this conclusion. As the as grown silver electron center annealed out, the signal intensity due to the induced singlet and triplet spectra increased in intensity. The electrons being released from the as grown trap sites were getting trapped at the neutron induced sites. This concurs with their increased temperature stability. Secondly, the effective g value for the spectra typically correspond to electron centers which is in agreement with the as grown silver electron spectra existing near the same location of magnetic field.
Second, the singlet and triplet defects are responsible for the shift in the thermoluminescent peak at 250°C. Considering the temperature shifts in the pulsed anneal defects, the shift is almost identical in the thermoluminescent glow curve.
Third, the orange color can be assigned to the neutron irradiation effects, the triplet defect. The color change concurred with the presence of the EPR spectra and annealed out the same as the EPR spectral intensity.
Further investigation is required to identify the exact defects causing the singlet and triplet peaks in the spectra. The singlet is most likely due to an unpaired electron that is interacting with a nucleus of zero spin. Considering the crystal, oxygen would be the most likely candidate. Unintentional materials that may be present in the crystal structure could not be of great enough numbers to produce the large spectra observed.
The triplet spectra could possibly be identified using Electron
Nuclear Double Resonance (ENDOR). A possible assignment to this triplet could be an electron interacting with two spin 1/2 nuclei, silver being a likely candidate.
Overall, the results of this research shows that silver doped lithium tetraborate may be a possible material for neutron detection and shows promise in dosimeter applications. Also, as the trapped electrons and holes recombine upon annealing, L TB:Ag defects show promise in providing new and highly efficient radiative recombination pathways.
